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Description 

The present invention relates to a process of making an absorbent composite material which includes a nonwoven 
fibrous web and superabsorbent materials of the type as defined in the preamble of claim 1 , and products of that pnoc- 
5 ess. 

Superabsorbent materials are known to be useful in products intended to absorb liquids. These materials are most 
often bund in powder or particulate form and have in the past been Incorporated into laminates and/or nonwoven 
fibrous webs so they would be in a form that is easy to handle in high speed manufacturing processes. These laminates 
and/or webs are also useful for keeping ifte powderjfcariiculates fixed in the absorbent structure. 

10 A process of making a hydraulicaily needled superabsorbent composite material of the type as identified in the pre- 
amble of claim 1, is described in US-A-48 79 170. The superabsorbent material is either mixed with fbers of a coform- 
material before the fibrous web is formed, or is sandwiched between two layers of that cofbrm-materiai. After the super- 
absorbent material has been added to the fibrous material, the complete composite is subjected to a plurality of water 
jets, the parameters of which are adapted to entangle the fibers within the web or the layers, i.e. to mechanically inter- 

is twine free fibers or free fiber ends within the web. 

U.S. Patent No. 3,686,024, issued August 22, 1972, to Nankee, et at., describes a water absoitent coated article 
which contains a fibrous support such as, for example, a fabric or a paper backing and a water insoluble polymer. 
According to the patent, the coated article is made by impressing the water insoluble polymer upon the substrate while 
fhe polymer is in the form of a gei substantially swollen with water. U.S. Patent No. 4,096,31 2, issued June 20, 1 978, to 

20 Hoist, et al., describes a hydrophilic support web which has been coated with modified cellulose ether. According to the 
patent, a hydrophilic web such as a tissue or paper web is wetted with water and then coated with crushed or powdered 
modified ceiluiose ether and then dried. The U.S. Patent No. 4,260,443, issued April 7, 1981, to Lindsay, et al., discloses 
a laminate of tissue-like materials which are separated by a layer of liquid absorbing material. According to the patent, 
a dry liquid absorbing material is applied to a first sheet. A second water permeable sheet is superposed on the first 

25 sheet. Water is applied to portions of the second sheet to moisten the liquid absorbing material and cause it to serve 
as an adhesive which bonds the first and second sheets together. 

Latex binders, thermoplastic adhesive resins and thermoplastic adhesive films are also disclosed as useful for 
attaching absorbent materials to a substrate. For example, U.S. Patent No. 4,392,908, issued July 12, 1983, to Dehnel, 
discloses a process Ibr making absorbent articles by attaching water soluble particles to a substrate using a thermo- 

30 plastic adhesive resin. U.S. Patent No. 4,600,462, issued July 15, 1986, to Watt, discloses an absoitoent web which is 
made by bonding a nonwoven web with an adhesive material, curing the adhesive material, and then coating the 
treated web with a solution of a water soluble hydrophilic material and drying the web. U.S. Patent No. 4,675,209, 
issued June 23, 1987, to Pedigrew, discloses an absorbent composite in which a melt adhesive film is used to affix 
absorbent particles to a substrate. 

35 Also disclosed are absorbent composites which are made by depositing dried absorbent particles on to a mois- 
tened paper or tissue layer or wet laid fibrous web. For example, U.S. Patent No. 4,851,069, issued July 25, 1989, to 
Packard, et al., discloses a laminate of tissues enclosing an intermediate layer of absorbent particles. According to the 
patent, the absorbent particles are applied to the moistened surface of one of the tissue layers. A second tissue layer 
is superposed on the first tissue/particle layer and the assembly is then bonded together using heat and pressure. Euro- 

40 pean Patent Publication 035961 5- A1, published March 21, 1990, describes a superabsorbent composite structure 
which is made by depositing dry solid superabsorbents directly on a wet laid web of celluiosic fibers prior to drying the 
wet laid web. 

Although these references describe various absorbent structures, they still fat to address problems associated with 
distributing liquid throughout a structure containing superabsorbent materials to make efficient use of ail the superab- 
45 sorberrt materials. When superabsorbent materials are added to nonwoven webs or incorporated into laminates, they 
generally appear to reduce the liquid distribution properties of those webs or laminates. Thus, there is still a need for an 
improved absorbent structure which combines desirable liquid absorption/retention properties with desirable liquid dis- 
tribution properties. 

so DEFINITIONS 

The term "hydraulicaily needled superabsortsent composite material" as used herein refers to a composite material 
which includes a hydraulicaily needled nonwoven fibrous web and superabsorbent materials. Hydrauiically needling a 
nonwoven fibrous web has been found to improve some fluid distribution properties such as, for example, the vertical 
55 wicWng rate by 10 percent or more over an identical web which has not been hydraulicaily needled. The proper combi- 
nation of hydraulicaily needled fibrous webs having improved fluid distribution properties and superabsoftent materials 
can provide superior superabsorbent composites. For example, hydraulicaily needled superabsorbent composites may 
have an absorptive capacity greater than about 500 percent and a vertical wicking rate greater than about 12 cm per 
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15 minutes. 

The term "saturation capacity" as used herein refers to the capacity of a material to absorb liquid (i.e., water or 
aqueous solution) over a measured period of time and is related to the. total amount of liquid held by a material at its 
point of saturation. Saturation capacity is determined by measuring the increase in the weight of a material sample 

5 resulting Iran the absorption of a liquid. The general procedure used to measure the saturation capacity is as follows. 
A sample is soaked for approximately 5 minutes in synthetic urine (synthetic urine Item No. K-C 399105 available from 
PPG Industries, a business having offices in Appleton, Wisconsin). The sample is placed flat on a horizontal screen and 
allowed to drip for about 1 minute. The sample is then transferred to a different horizontal screen which forms the top 
surface of a vacuum chamber. A latex dam is placed over the screen to seal the vacuum chamber. A vacuum of about 

10 0.5 psi is drawn. The latex dam is forced against the screen by the vacuum, providing relatively uniform pressure on the 
sample to squeeze out excess liquid. After about 5 minutes of vacuum pressure, the saturated sample is removed and 
weighed. The saturation capacity may be expressed, in percent, as the weight of liquid absorbed divided by the dry 
weight of the sample as in the following equation: 

is Saturation Capacity = [(saturated sample weight • sample weight)/sample weight] X 100. 

The term Vertical wicking rate" as used herein refers to the rate at which water is drawn in the vertical direction by 
a strip of an absorbent material . The vertical wicking rate was determined for a pre-weighed sample of absorbent mate- 
rial (having a machine direction length of about 12 inches and a cross-machine direction width of about 3 inches) by 

20 lowering the end of the sample about 0.25 inches (about 1 cm) into synthetic urine (synthetic urine Item No. K-C 3991 05 
available from PPG Industries). The sample is fixed in a vertical position with one end in the synthetic urine, and the 
distance the liquid wicks along the machine direction of the sample Is measured after an interval of about 15 minutes. 
The sample is then removed from the solution and weighed to measure the wicking pickup, that is, the amount of liquid 
absorbed by the sample during the vertical wicking test. 

25 The term "machine direction" as used herein refers to the direction of travel of the forming surface onto which fibers 
are deposited during formation of an nonwoven web. 

The term "cross-machine direction" as used herein refers to the drection which is perpendicular to the machine 
direction defined above. 

The term "pulp" as used herein refers to pulp containing fibers from natural sources such as woody and non-woody 
30 plants. Woody plants include, for example, deciduous and coniferous trees. Non-woody plants include, for example, cot- 
ton, flax, esparto grass, milkweed, straw, jute hemp, and bagasse. 

The term "mechanical softening" as used herein refers to softening imparted to a sheet of material by a mechanical 
process. Exemplary mechanical processes which may be used to soften a sheet of materia! include calendering, per- 
forating, aperturing, pert-embossing, embossing, pattern embossing, differential drawing, creping and rollers. 
35 The term "superabsorbent" as used herein refers to absorbent materials capable of absorbing at least 1 0 grams of 
aqueous liquid (e.g. water, saline solution or synthetic urine Item No. K-C 399105 available from PPG Industries) per 
gram of absorbent material while immersed in the liquid for 4 hours and holding the absorbed liquid while under a com- 
pression force of up to about 1 .5 pounds per square inch. 

The term liquid management materiar as used herein refers to a material that is able to distribute and retain suf- 
40 f icierrt amounts of liquid to be useful as part of an absorbent structure or absorbent product For example, a liquid man- 
agement material may be used in an absorbent personal care product 

SUMMARY OF THE INVENTION 

45 The present invention addresses the needs discussed above by providing a process for producing a hydraulically 
needled superabsorbent composite material. This method includes the steps of providing a nonwoven fibrous web on 
a foraminous surface; hydraulically needling the nonwoven fibrous web at an energy level sufficient to enhance the liq- 
uid distribution properties of the nonwoven web; introducing dry superabsorbent particles onto at least one surface of 
the hydraulically needled nonwoven fferous web in intimate bonding contact. According to the invention, the intimate 

so contact between the superabsorbent material and the hydraulically needled fibrous web may be provided by depositing 
dry superabsorbent material onto the stiil wet hydraulically needled ffcrous web and then and drying the resulting 
hydraulically needled superabsorbent composite material. In one embodiment of the inventor), the intimate bonding 
contact may be provided by depositing dry superabsorbent material onto a dry hydraulicafly needled fibrous web and 
then using mechanical means to drive the superabsorbent material into the hydraulically needled fibrous web. 

55 In one aspect of the invention, the step of providing a nonwoven f fcrous web may encompass the step of rehydrat- 
ing a sheet which includes pulp fibers until it is brought to a consistency suitable for hydraulic needling. 

The nonwoven fibrous web may be provided by depositing an aqueous slurry of fibers onto a foraminous surface 
via conventional wet-laying or papermaWng techniques. Such a nonwoven fibrous web may be formed and hydraulically 
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needled on the same foraminous surface. The foraminous surface may be, for example, a single plane mesh having a 
mesh size ol from about 20 X 20 to about 200 X 200. The foraminous surface may also be a mufti-ply mesh having a 
mesh size from about 20 X 20 to about 200 X 200. in one embodiment of the present invention the foraminous surface 
may have a series of ridges and channels and protruding knuckles which impart certain characteristics to the nonwoven 
5 web. 

According to the present invention, hydraulic needling is provided by jets of a liquid (e.g., water or similar working 
fluid) which produces.a desired loosening and rearrangement of the fiber network in the nonwoven fibrous web. For 
example, it has been found that when jets of water are used to impart a total energy of less than about 0.03 horsepower- 
hours/fcound of web to a predominantly pulp fiber web, the liquid handling properties of the nonwoven web are Improved 
io when compared to an identical sheet which has not been hydraulicaily needled. The energy imparted by the working 
fluid for such a pulp fiber web may be between about 0.001 to about 0.03 horsepower-hours/pound of web. Greater 
amounts of energy may be required for webs containing large proportions of staple-length textile fibers or very high 
basis weights. Needling typically takes place while the fibrous web is from about 1 5 to about 35 percent, by weight, sol- 
ids. 

is Substantially dry superabsorbent material is deposited onto at least one surface of the wet hydraulicaily needled 
nonwoven fibrous web. This superabsorbent material is deposited at a rate which provides a composite that contains at 
least about 5 percent, by weight, superabsorbent based on the total weight of the substantially dry composite material. 
For example, the composite may contain from about 10 to about 80 percent, by weight, of superabsorbent materials. 
Desirably, the composite may contain from about 25 to about 65 percent, by weight, of superabsorbent materials. The 

20 superabsorbent materials may be superabsorbent particles, superabsorbent f fcers or mixtures thereof. Superabsorbent 
particles may be deposited on the web utilizing conventional particle spreading equipment. Superabsorbent fibers may 
be deposited on the web utilizing conventional means for depositing a layer of fibers. 

In another aspect of the method of the present invention, the hydraulicaily needled superabsorbent composite 
material is dried to a moisture content of less than about 10 percent, by weight. For example, the composite material 

25 may be dried to a moisture content of less than about 5 percent. Drying may be achieved using a non-compressive dry- 
ing process. Through-air drying processes have been found to work particularly well. Other drying processes which 
incorporate infra-red radiation, yankee dryers, drying cans, microwaves, and ultrasonic energy may also be used. 

The present invention also encompasses a hydraulicaily needled superabsorbent composite material made by the 
process described above. Certain fibrous webs hydrauiically needled to enhance their fluid distribution properties can 

30 be combined with superabsorbent materials to produce superior superabsorbent composites which are very inexpen- 
sive and have highly desirable liquid distribution and retention properties. Hydraulicaily needled superabsorbent com- 
posite materials made according to the present invention may have a saturation capacity greater than about 500 
percent and a vertical wicking rate greater than about 12 cm per 15 minutes. For example, superabsorbent composite 
materials made according to the present invention may have a saturation capacity between about 600 and about 2500 

35 percent and a vertical wicking rate between about 1 4 to about 25 cm per 1 5 minutes. Desirably, the hydraulicaily nee- 
dled superabsorbent composite materials may have a saturation capacity between about 800 and about 2000 percent 
and a vertical wicking rate between about 1 5 to about 1 9 cm per 15 routes, in one exemplary embodiment, the hydrau- 
licaily needled superabsorbent composite material may have a saturation capacity between about 900 and about 1500 
percent and a vertical wicking rate between about 16 to about 18 cm per 1 5 minutes. 

40 The fibrous component of the superabsorbent composite material may be pulp ffcers, synthetic fibers, natural fib- 
ers, bicomponent fbers, continuous filaments or mixtures thereof. For example, the hydraulicaily needled superabsorb- 
ent composite material may contain from about 5 to about 50 percent, by weight, staple-length fibers. These stapJe- 
length fbers may be stable fbers made from rayon, cotton, polyester, polyamides and polyolef ins such as, for example, 
one or more of polyethylene, polypropylene, polybutene, ethylene copolymers, propylene copolymers and butene 

48 copolymers. The staple-length fibers may have a denier in the range of about 0.7 to about 8 and an average length in 
the range of about 5 mm to about 36 mm. 

The present invention also contemplates treating the hydraulicaily needled superabsorbent composite material with 
additives such as, for example, binders, surfactants, crossrlinking agents, hydrating agents and/or pigments to impart 
desirable properties such as, for example, abrasion resistance, toughness, color, or improved wetting ability. 

so One or more layers of the hydrauiically needled superabsorbent composite material may be used as a liquid man- 
agement material in an absorbent product or absorbent structure. In such applications, the hydrauiically needled super- 
absorbent composite material may have a basis weight greater than about 10 grams per square meter. For example, 
the hydrauiically needled superabsorbent composite material may have a basis weight from about 60 to 400 grams per 
square meter. The hydrauiically needled superabsorbent composite material may be used as a liquid management 

55 material in applications such as, for example, disposable personal care products, food and product packaging, wipers, 
wound dressings, medical absorbent products, industrial sorbents, kennel and catbox liners. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an illustration of an exemplary process for making a hydrauitcally needled superabsorfcent composite 
material which includes a fibrous nonwoven web and superabsorberrt materials. 

FIG. 2 is a view of the top of an exemplary multi-ply mesh fabric suitable as a supporting surface for hydraulic nee- 
dling of a nonwoven fiber web. 

FIG. 3 is a sectional view taken along 3-3 of FIG. 2 showing one piy of an exemplary multi-ply mesh fabric, 

FIG. 4 is a sectional view taken on 3-3 of FIG. 2 showing two plies of an exemplary muitl-ply mesh fabric. 

FIG. 5 is a bottom view of one ply of an exemplary muitl-ply mesh fabric. 

FIG. 6 is a bottom view of an exemplary mufti-ply mesh febric showing two plies of the fabric. 

FIG. 7 is a 30.5X photomicrograph of a cross section of an exemplary wet-laid pulp fiber web which has not been 
hydraulically needled and which contains no superabsorbeni 

FIG. 8 is a 30.5X photomicrograph of a cross section of an exemplary hydraulically needled pulp fiber web which 
contains no superabsorberrt. 

FIG. 9 is a 61X photomicrograph of a cross section of an exemplary wet-laid pulp fiber web which has not been 
hydraulically needled and which contains no superabsorbeni 

FIG. 10 is a 61X photomicrograph of a cross section of an exemplary hydraulically needled pulp fiber web which 
contains no superabsorberrt 

FIG. 1 1 1s a S0.5X photomicrograph of a cross section of an exemplary composite which contains superabsorbeni 
materials deposited on a wet-laid pulp fiber web that has not been hydraulically needled. 

FIG. 1 2 is a S0.5X photomicrograph of a cross section of an exemplary hydraulically needled superabsorberrt com- 
posite material. 

FIG. 13 is a 61 X photomicrograph of a cross section of an exemplary composite which contains superabsorbent 
materials deposited on a wet-laid pulp fiber web that has not been hydraulically needled 

FIG. 14 is a 61X photomicrograph of a cross section of an exemplary hydraulically needled superabsorbent com- 
posite material. 

FIG. 1 5 is a representation of an exemplary absorbent structure that contains a hydraulically needled superabsorb- 
ent composite material. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring to Fig. 1 of the drawings there is schematicafly illustrated at 10 a process for forming a hydraulically nee- 
dled superabsorbent composite material. This composite includes a hydraulically needled nonwoven fibrous web and 
superabsorberrt materials. The nonwoven fibrous web may be made by forming a dilute suspension of fibers, supplying 
that suspension to a headbox 20 and depositing it via a sluice 22 as a uniform dispersion onto a foraminous screen 24 
of a conventional papermaking machine 26. The suspension of f bers may ba diluted to any consistency which is typi- 
cally used in conventional wet-laying processes. For example, the suspension may contain from about 0.02 to about 5 
percent by weight fibers suspended in water. 

The fibers may be pulp fibers from woody or non-woody plants as well as secondary (i.e., recycled) tfcer pulp. 
Exemplary wood pulps include bleached and unbleached kraft virgin softwood fiber pulps and bleached and 
unbleached kraft virgin hardwood pulp. Some useful pulps are those available from the Kimberly-Clark Corporation 
under the trade designations Longlac 19, Longlac 16, Coosa River 55, Coosa River 56, and Coosa River 57. Secondary 
fiber pulp may be pulp fibers recycled from sources such as, for example, office waste, newsprint and paperboard 
scrap. For example, one useful secondary fiber pulp identified as "BJ de-inked secondary fiber pulp* is available from 
Ponderosa Pulp Products - a division of Ponderosa Fibers of America, Atlanta, Georgia. 

The pulp fibers may be unrefined or may be beaten to various degrees of refinement. Small amounts of wet- 
strength resins and/or resin binders may be added to improve strength and abrasion resistance. Useful binders and 
wet-strength resins Include, for example, Kymerre® 557 H available from the Hercules Chemical Company, and Parez 
631 available from American Cyanamid, inc. Cross-linking agents and/or hydrating agents may also be added to the 
pulp mixture. Debonding agents may be added to the pulp mixture to reduce the degree of hydrogen bonding if a very 
open or loose (e.g., softer) nonwoven pulp fiber web is desired. One exemplary debonding agent is available from the 
Quaker Chemical Company, Conshohocken, Pennsylvania, under the trade designation Quaker 2008. 

The ffeers may also be synthetic fibers, natural fibers, blcomponent fibers, or continuous filaments having various 
deniers and lengths. Noctures of pulp fibers and these other types of fibers may also be used. For example, the ffcrous 
component of the hydraulically needled superabsorberrt composite materials may contain from about 5 to about 50 per 
cent, by weight, staple length fibers and from about 50 to 95 percent, by weight pulp fibers. 

Ihe synthetic fibers may be made from rayon, polyester, polyamides and polyoiefins such as, tor example, one or 
more of polyethylene, polypropylene, polybutene, ethylene copolymers, propylene copolymers and butene copolymers. 
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Natural fibers may include, for example, cotton, cotton Jinters, wool, silk, and flax. Typically, these fibers will have a 
denier in the range of about 0.7 to about 8 and an average length in the range of about 5 mm to about 36 mm. For exam- 
ple, the fibers may have a denier in the range of about 0.9 to about 3 and an average length in the range of about 10 
mm to about 24 mm. Desirably, the f foers may have a denier in the range of about 1 to about 2 and an average length 

5 in the range of about 1 2 mm to about 18 mm. 

The suspension of fibers is deposited on the forarrunous surface 24 and water is removed to form a uniform non- 
woven web of fibers 28. Hydraulic needling may take place on the foraminous surface (i.e., mesh fabric) 24 on which 
the wet-laid web is formed. Alternatively, the web may be transferred to a different foraminous surface for hydraulic nee- 
dling. The present invention also contemplates rehydrafing a dried fibrous web to a specified consistency and subject- 

io ing the rehydrated fibrous web to hydraulic needling. For example, this fibrous web may be a web of pulp fibers or a web 
containing a mixture of pulp fibers and other ffcers. 

The nonwoven web 28 passes under one or more hydraulic needling manifolds 30 and is treated with jets of fluid 
to open up or loosen and rearrange the tight network of fibers. Typically, the hydraulic needling takes place while the 
nonwoven web is at a consistency between about 15 to about 45 percent solids. For example, the nonwoven web may 

15 be at a consistency from about 20 to about 30 percent solids. 

According to the invention, the nonwoven fibrous web 28 is hydrauiically needled. That is, conventional hydraulic 
entangling equipment may be operated a! conditions which impart relatively low energies (e.g., 0.001 to 0.03 hp-hr/lb) 
to the web. Water jet treatment equipment which may be adapted to the process of the present invention may be found, 
for example, in U.S. Patent No. 3,485,706 to Evans, the disclosure of which is hereby incorporated by reference. The 

20 hydraulic needling process of the present invention may be carried out with any appropriate working fluid such as, for 
example, water. The working fluid flows through a manifold which evenly distributes the fluid to a series of individual 
holes or orifices. These holes or orifices may be from about 0.003 to about 0.015 inch in diameter. For example, the 
invention may be practiced utilizing a manifold produced by Honeycomb Systems Incorporated of Biddeford, Maine, 
containing a strip having 0.007 inch diameter orifices, 30 holes per inch, and 1 row of holes. Many other manifold con- 

25 figurations and combinations may be used. For example, a single manifold may be used or several manifolds may be 
arranged in succession. 

In the hydraulic needling process, the working fluid passes through the orifices at a pressures ranging from about 
50 to about 1500 pounds per square inch gage (psig} to form fluid streams which impact the nonwoven fibrous web 28, 
typically with much less energy than found in conventional hydraulic entangling processes. For example, the working 

30 fluid passes through the orifices at a pressures ranging tan about 50 to about 800 pounds per square inch gage (psig). 
Desirably, the working fluid passes through the orifices at a pressures ranging from about 75 to about 400 pounds per 
square inch gage (psig) for fibrous webs containing a predominance of pulp fibers. More entangling energy may be 
required for high basis weight materials, nonwoven fibrous webs containing large proportions of staple length fibers, or 
fibers having a stiffer modulus. 

35 The energy imparted to the nonwoven web by the hydraulic needling process may be expressed in units of horse- 
power-hours per pound of dry web (hp-hr/lb) and may be calculated utilizing the following equation: 

Energy = [0.125({Y * P * Q/(S*B))]*N 

40 where: 

Y = number of orifices per linear inch of manifold; 

P = pressure of the water in the manifold expressed in pounds per square inch gauge (psig); 
Q = volumetric flow rate of water expressed in cubic feet per minute per orifice; 
45 S = speed of conveyor passing the web under the water jet streams expressed in feet per minute; 
B - weight of pulp fibers treated expressed in ounces per square yard; 
N => number of manifold passes. 

This energy equation may be found in U.S. Patent No. 3,485,706, previously incorporated herein by reference, 
so which discusses the transfer of energy from columnar fluid jet streams to a nonwoven fibrous web. 

Generally speaking, nonwoven fibrous webs that contain mostly pulp fibers may utilize a fluid pressure ranging from 
about 60 to about 400 psig, when 1 to 4 manifolds are used. As is typical an many water jet treatment processes, vac- 
uum slots 32 may be located directly beneath the hydro-needling manifolds or beneath the foraminous surface 24 down- 
stream of the entangling manifold so that excess water is withdrawn from the hydraufically-needled nonwoven fibrous 
ss web 28, 

Conventional superabsorberrts are deposited on at least one surface of the hydrauiically needled nonwoven fibrous 
web after the water-jet treatments. These superabsorbent materials may be in the form of superabsorbent particles or 
superabsorbent fibers. 
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Natural fibers may include, for example, cotton, cotton Jinters, wool, silk, and flax. Typically, these fibers will have a 
denier in the range of about 0.7 to about 8 and an average length in the range of about 5 mm to about 36 mm. For exam- 
ple, the fibers may have a denier in the range of about 0.9 to about 3 and an average length in the range of about 10 
mm to about 24 mm. Desirably, the fbers may have a denier in the range of about 1 to about 2 and an average length 
5 in the range of about 1 2 mm to about 1 8 mm. 

The suspension of fibers is deposited on the foraminous surface 24 and water is removed to form a uniform non- 
woven web of fibers 28. Hydraulic needling may take place on the foraminous surface (i.e., mesh fabric) 24 on which 
the wet-laid web is formed. Alternatively, the web may be transited to a different foraminous surface for hydraulic nee- 
dling. The present invention also contemplates rehydrating a dried fibrous web to a specified consistency and subject- 
ed ing the rehydrated fibrous web to hydraulic needling. For example, this fibrous web may be a web of pulp fibers or a web 
containing a mixture of pulp fibers and other fibers. 

The nonwoven web 28 passes under one or more hydraulic needling manifolds 30 and is treated with jets of fluid 
to open up or ioosen and rearrange the tight network of fibers. Typically, the hydraulic needling takes place while the 
nonwoven web is at a consistency between about 15 to about 45 percent solids. For example, the nonwoven web may 
is be at a consistency from about 20 to about 30 percent solids. 

According to the invention, the nonwoven fibrous web 28 is hydraulically needled. That is, conventional hydraulic 
entangling equipment may be operated at conditions which impart relatively low energies (e.g., 0.001 to 0.03 hp-hr/Ib) 
to the web. Water jet treatment equipment which may be adapted to the process of the present invention may be found, 
for example, in U.S. Patent No, 3,485,706 to Evans, the disclosure of which is hereby incorporated by reference. The 
20 hydraulic needling process of the present invention may be carried out with any appropriate working fluid such as, for 
example, water. The working fluid flows through a manifold which evenly distributes the fluid to a series of individual 
holes or orifices. These holes or orifices may be from about 0.003 to about 0.015 inch in diameter. For example, tie 
invention may be practiced utilizing a manifold produced by Honeycomb Systems Incorporated of Biddeford, Maine, 
containing a strip having 0.007 inch diameter orifices, 30 holes per inch, and 1 row of holes. Many other manifold con- 
25 figurations and combinations may be used. For example, a single manifold may be used or several manifolds may be 
arranged in succession. 

In the hydraulic needling process, the working fluid passes through the orifices at a pressures ranging from about 
50 to about 1 500 pounds per square inch gage (psig) to form fluid streams which impact the nonwoven fibrous web 28, 
typically wfth much less energy than found in conventional hydraulic entangling processes. For exampie, the working 

30 fluid passes through the orifices at a pressures ranging from about 50 to about 800 pounds per square inch gage (psig). 
Desirably, the working fluid passes through the orifices at a pressures ranging from about 75 to about 400 pounds per 
square inch gage (psig) for fibrous webs containing a predominance of pulp fibers. More entangling energy may be 
required for high basis weight materials, nonwoven fibrous webs containing large proportions of staple length fibers, or 
fibers having a stiffer modulus. 

35 The energy imparted to the nonwoven web by the hydraulic needling process may be expressed in units of horse- 
power-hours per pound of dry web (hp-hr/lb) and may be calculated utilizing the following equation: 

Energy = [0.125((Y * P * Q/(S*B))]*N 

40 where: 

Y = number of orifices per linear inch of manifold; 

P = pressure of the water in the manifold expressed in pounds per square inch gauge (psig); 
Q = volumetric flow rate of water expressed in cubic feet per minute per orifice; 
45 S = speed of conveyor passing the web under the water jet streams expressed in feet per minute; 
B = weight of pulp fibers treated expressed in ounces per square yard; 
N - number of manifold passes. 

This energy equation may be found in U.S. Patent No. 3,485,706, previously incorporated herein by reference, 
so which discusses the transfer of energy from columnar fluid jet streams to a nonwoven fibrous web. 

Generally speaking, nonwoven fibrous webs that contain mostly pulp fibers may utilize a fluid pressure ranging from 
about 60 to about 400 psig, when 1 to 4 manifolds are used. As is typical in many water jet treatment processes, vac- 
uum slots 32 may be located directly beneath the hydro-needling manifolds or beneath the foraminous surface 24 down- 
stream of the entangling manifold so that excess water is withdrawn from the hydraulically-needled nonwoven fibrous 
55 web 28. 

Conventional superabsorbente are deposited on at Iea6t one surface of the hydraulically needled nonwoven fibrous 
web after the water-jet treatments. These superabsorbent materials may be in the form of superabsorbent particles or 
superabsorbent fibers. 


6 


EP 0 540 041 B1 


The superabsorbent material may be formed from an organic material such as, for example, agar, pectin, and guar 
gum, as well as synthetic materials such as synthetic hydrogel polymers. Synthetic hydrogel polymers include, for 
example, csrboxymefhylceiyose, alkali metal salts of polyacryiic acid, polyacryiamides, polyvinyl alcohol, ethylene 
maJeic anhydride copolymers, polyvinyl ethers, hydrcxypropylcellulose, polyvinyl morpholinone, polymers and copoly- 

5 mers of vinyl sulfonic acid, poiyacrylates, polyacryiamides, polyvinyl pyridine, and tie (ike. Other suitable polymers 
include hydroiyzed acrylonrtrile grafted starch, acrylic acid grafted starch, and isobutyiene maleic anhydride copolymers 
and mixtures thereof. The hydrogel polymers are preferably Sightly crosslinked to render the material substantially 
water-insoluble. Crosslinking may, for example, be by irradiation or by covalent, ionic, Van der Waals, or hydrogen bond- 
ing. Suitable materials are available from various commercial vendors, such as the Dow Chemical Company, Hoechst 

w Celanese Corporation, Allied-Colloid Inc., and Stockhausen Inc. For example, useful sodnjm polyacryiate superabsorb- 
ent particles are available from the Hoechst Celanese Corporation under the trade name Sanwet lM-5000 P. 

Superabsorbent particles and/or fibers are added to the hydraulically needled nonwoven fibrous web by a conven- 
tional particulate and/or fiber handling system 34 to form the hydraulically needled superabsorbent composite material 
36, It is contemplated that the hydraulically needled nonwoven fibrous web may be either wet or dry during this step. 

is Exemplary particulate handling systems are described in, for example, U.S. Patent No. 4,604,313, the contents of which 
regarding particulate handling systems is incorporated herein by reference. Useful particulate handling systems include 
various engraved roll volumetric feeders as well as other commercial systems such as, for example, Christy dry material 
dispensing machines available from the Christy Machine Company of Fremont, Ohio; and Meltex™ SAP series powder 
application systems avaiiabfe from the Nofdson Corporation. Useful fiber handling systems include staple fiber web air- 

20 forming systems as well as commercial systems available from Moller & Jochumsen of Denmark and Danweb Forming 
International. 

Superabsorbents may be present at a proportion of up to about 80 grams of superabsorbent per 100 grams total 
weight of the substantially dry composite material. For example, the nonwoven web may contain from about 15 to about 
65 grams of superabsorbent per 100 grams total weight of the substantially dry composite material. More particularly, 
25 the nonwoven web may contain about 40 to about 50 grams of superabsorbent per 1 00 grams total weight of the sub- 
stantially dry composite material. 

It is contemplated that superabsorbent materials may be deposited on the nonwoven fibrous web prior to the fluid 
jet treatments. If superabsorbent materials are deposited on the wet-laid web before water-jet treatments, it is preferred 
that the superabsorbents are those which can remain inactive during the water-jet treatment step and can be activated 
30 later. 

After the superabsorbent materials are added, the hydraulically needled superabsorbent composite material 36 is 
transferred to a drying operation. A differential speed pickup roll 38 may be used to transfer the web from the hydraulic 
needling belt to the drying operation. Alternatively, conventional vacuum-type pickups and transfer fabrics may be used. 
Desirably, the drying operation is a non -compressive drying operation. For example, the web may be non^ompressibiy 
ss dried utilizing a conventional rotary drum through-air drying apparatus shown in Fig. 1 at 40. The through-dryer 40 may 
be an outer rotatable cylinder 42 with perforations 44 in combination with an outer hood 46 for receiving hot air blown 
through the perforations 44. A through-dryer beft 48 carries the composite 36 over the upper portion of the through- 
dryer outer cylinder 42. Hie heated air forced through the perforations 44 in the outer cylinder 42 of the through-dryer 
40 removes water from the composite 36. The temperature of the air forced through the composite 36 by the through- 
40 dryer 40 may range from about 300° to about 500° F. Other useful through-drying methods and apparatus may be found 
in, for example, U.S. Patent Nos. 2,666,369 and 3,821 ,068, the contents of which are incorporated herein by reference. 

It may be desirable to use finishing steps and/or post-treatment processes to impart selected properties to the com- 
posite 36. For example, the web may be mechanically softened. This softening may be accomplished by calendering, 
perforating, aperturing, perf-errfcossing, embossing, pattern embossing, differential drawing, creping, and rollers. Sof- 
45 tening may also be accomplished by adding debonding agents to the nonwoven fibrous web before or just after the 
hydraulic needling step. Alternatively and/or additionally, chemical post-treatments may be added to the web such as, 
for example, adhesives, dyes, surfactants, cross-linking agents, hydrating agents and/or pigments to impart desirable 
properties such as, for example, abrasion resistance, toughness, color, or improved wetting ability. 

Fig. 2 is a view of the top ply of an exemplary multi-ply mesh fabric used in making the absorbent nonwoven corn- 
so posite material of the present invention. In Fig. 2, line 3-3 runs across the mufti-ply mesh fabric in the cross-machine 
direction. The multi-ply (i.e., compound) fabric may include a coarse layer joined to fine layer. Fig. 3 illustrates a sec- 
tional view taken along line 3-3 of a coarse layer 62 (a simple single layer weave) of the exemplary mesh fabric. Fig. 4 
illustrates a sectional view taken along 3-3 of a coarse layer 62 joined to a fine layer 64 (another simple single layer 
weave). Preferably, the coarse layer 62 has a mesh (i.e., warp yarns of fabric per inch of width) of about 50 or less and 
S5 a count (shuts yarns of fabric per inch of length) of about 50 or less. For exampl e, the coarse layer 62 may have a mesh 
of about 35 to 40 and a count of about 35 to 40. More particularly, the coarse layer 62 may have a mesh of about 38 
and a count of about 38. The fine layer 64 preferably has a mesh and count about twice as great as the coarse layer 
62. For example, the fine layer 64 may have a mesh of about 70 to about 1 00 and a count of about 70 to about 1 00. In 
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particular, the fine layer 64 may have a mesh of about 70 to 80 and a count of about 70 to 80. More particularly, the fine 
layer may have a mesh of about 75 and a count of about 75. 

Fig. 5 is a bottom view of the coarse layer without the fine layer. Fig. 6 is a bottom view of the muiti-ply mesh fabric 
showing the coarse layer interwoven with the fine layer illustrating a preferred weave construction. The particular weave 
5 provides cross-machine direction channels defining high drainage zones 68 which are separated by low drainage zones 
66. The warp strands 70 of the coarse layer are arranged in rows 72 which define channels that run along the top of the 
fabric in the cross-machine direction. These warp strands 70 are woven to gather groups of filaments 74 (also running 
in cross-machine direction) of the fine layer The rows 72 of warp strands 70 are matched with the groups of filament 
74 to provide the low drainage zones 66 which separate the high drainage zones 68. 
10 During the fluid-jet treatments, the fibrous web generally conforms to the topography of the coarse layer to provide 
a textile-like appearance. How of fluid through the fabric is controlled by the high drainage zones and the fine layer on 
the bottom of the fabric to provide the proper conditions for loosening/opening the pulp fiber network during hydraulic 
needling while avoiding web break-up, washout of short ffcers and intertwining of fibers into the mesh fabric. In some 
embodiments, the weave patterns may have certain filaments (e.g., warp strands) which protrude to form knuckles. Fib- 
r 5 ers may be washed off portions of these knuckles to form small pores or apertures. 

The present invention may be practiced with other fabrics. In general , the fabric must be fine enough to avoid fiber 
washout and yet allow adequate drainage. For example, the nonwoven web may be wet laid and hydraulically needled 
on a conventional single plane mesh having a mesh size ranging from about 20 X 20 to about 200 X 200 (expressed as 
filaments per inch in the machine direction and filaments per inch in the cross-machine direction). The fabric may also 
20 be a muiti-ply mesh having a mesh size from about 20 X 20 to about 200 X 200. Such a multi-ply mesh may be partic- 
ularly useful when secondary fibers are incorporated into the nonwoven web. Useful fabrics include, for example, Asten- 
856, Asten 892, and Aston Synweve Design 274, fabrics available from Asten Forming Fabrics, Inc. of Appleton, Wis- 
consin, and conventional 55 x 38 mesh and 1 00 x 92 mesh stainless steel semi-twill fabrics available from National Wire 
Fabric of Star City. Arkansas. In some situations, it may be desirable to perform the hydraulic needling on perforated 
25 plates instead of a conventional fabric. 

Generally speaking, forming fabrics which are closed and flat provide an adequate surface for forming and needling 
the fibrous nonwoven web. The resulting web has few, if any, large holes which would aliow superabsorbent materials 
to be vacuumed Ihrough the web and into the forming fabric. 

Fig. 7 is a 30.5X photomicrograph of a cross section of an exemplary wet-laid pulp fiber web which has not been 
30 hydraulically needled and which contains no superabsorbent This is the material from Example 5A which has a basis 
weight of about 73 grams per square meter. 

Fig. 8 is a 30.5X photomicrograph of a cross section of an exemplary hydraulically needled palp fiber web which 
has a basis weight of about 78 grams per square meter. This is the material from Example 5B which was needled on a 
conventional 1 00 x 92 mesh stainless steel semi-twill wire moving at about 25 ft/min at a pressure of about 200 psi from 
35 3 manifolds each equipped with a jet strip having 0.007 inch diameter holes (1 row of holes at a density of 30 holes per 
inch). 

Fig. 9 is a 61 X photomicrograph of a cross section of the material shown in Fig. 7. 
Fig. 10 is a 61 X photomicrograph of a cross section of the material shown in Fig. 8. 

Fig. 11 is a 30.5X photomicrograph of a cross section of an exemplary composite containing superabsorbent mate- 
40 rials deposited on a wet-laid puip fiber web that has not been hydraulically needled. This is the material from Example 
6A which has a basis weight of about 1 85 grams per square meter and contains about 60% by weight superabsorbent. 

Fig. 12 is a 30.5X photomicrograph of a cross section of an exemplary hydraulically needled superabsorbent com- 
posite material. This is the material from Example 6B which has a basis weight of about 150 grams per square meter, 
contains about 50% by weight superabsorbent and was needled on a conventional 1 00 x 92 mesh stainless steel semi - 
4s twill wire moving at about 25 ft/min at a pressure of about 200 psi from 3 manifolds each equipped with a jet strip having 
0.007 inch diameter holes (1 row of hdes at a density of 30 holes per inch). 

Fig. 1 3 is a 61 X photomicrograph of a cross section of the material shown in Fig. 11 . 

Fig. 14 is a 61 X photomicrograph of a cross section of the material shown in Fig. 12, 

When comparing the hydraulically needled fibrous webs (Figs. 8 and 10) with their untreated counterparts (Figs. 7 
so and 9), the hydraulically needled fibrous webs have a relatively loose fiber structure and also appear to have many fib* 
ers with a Z-direcf ion orientation. Such an open and loose f toer network appears to improve the saturation capacity and 
vertical wicking properties of the fibrous web. 

A comparison of the hydraulically needled superabsorbent composite materials (Figs. 12 and 14) with their 
untreated counterparts (Rgs. 11 and 13), reveals that the hydraulically needled superabsorbent composite materials 
ss provide a much more intimate contact between the superabsorbent particles and the fibrous web. Instead of point con- 
tacts, there appears to be higher area contact between the two types of materials. The largef interface improves the 
transfer of liquid from the fibrous material to the superabsorbent particles. 

Although the inventors should not be held to a particular theory of operation, it is believed that the columnar jets of 
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working fluid which directly impact fibers laying in the X-Y plane of nonwoven web work to rearrange some of those fib- 
ers into the Z-direction. The jets of working fluid also wash some fibers off knuckles, ridges or raised portions of the 
foraminous surface. This washing action appears to create pores and/or apertures on the raised portions or knuckles 
of the foramincus surface. This uneven topography and the presence of pores and/or apertures in the hydraulically nee- 
dled ffcrous web provide enclosures which partially surround the absorbent particles to help improve contact with the 
particles and to help the fibrous webs hold onto the particles. 

Desirably, improved contact is provided by depositing dry superabsorbent materials onto the hydraulically needled 
fibrous web while the web is still wet It is also contemplated that improved contact can be provided by depositing dry 
superabsorbent materials onto a relatively dry hydraulically needled fibrous web and then using mechanical means 
such as. for example, rollers, to drive the superabsorbent materials into the hydraulically needled f brous web. A second 
hydraulically needled fibrous web may also be superposed on the composite and joined by point bonding to create a 
superabsorbent laminate. 

The jete of working fluid also appear to create deposits of fibers which correspond to channel-like portions of the 
foraminous surface and which appear to serve as relatively continuous conduits extending in the X-Y direction which 
help to transport liquid in that direction. Additionally, the Z-direction oriented fibers are believed to enhance the transfer 
of liquid from these relatively continuous conduits to the superabsorbent particles. As the superabsorbent particles 
absorb liquid, they are believed to help draw liquid along those relatively continuous conduits. 

When carefully controlled, the results of the direct impact and washing action of 1he jets, in combination with the 
superabsorbent particles Increase certain desirable liquid distribution and absorbency characteristics (e.g., saturation 
capacity and wicking rate) of the nonwoven f fcrous web. 

Fig. 15 is an exploded perspective view of an exemplary absorbent structure 1 00 which incorporates a hydraulically 
needled superabsorbent composite material as a liquid management material. Fig. 15 merely shows the relationship 
between the layers of the exemplary absorbent structure, and is not intended to limit in any way the various ways those 
layers (or other layers) may be configured in particular products. The exemplary absorbent structure 1 00, shown here 
as a multi-layer composite suitable for use in a disposable diaper, feminine pad or other personal care product, contains 
four layers: a top layer 102, a liquid management layer 104, an optional absorbent layer 106, and a bottom layer 108. 
The top layer 1 02 may be a nonwoven web of melt-spun fibers or filaments, an apertured film or an embossed netting. 
The top layer 1 02 may function as a liner for a disposable diaper, or a cover layer for a feminine care pad or personal 
care product. The upper surface 11 0 of the top layer 1 02 is the portion of the absorbent structure 1 00 intended to con- 
tact the skin of a wearer. The lower surface 1 12 of the top layer 1 02 is superposed on the liquid management layer 104 
which is one or more layers of a hydraulically needled superabsorbent composite material of the present invention. The 
liquid management layer 104 serves to rapidly desorb liquid from the top layer 102, distribute liquid throughout the lk;uki 
management layer 104 and retain liquid. If an absorbent layer 106 is included in the structure 100, the liquid manage- 
ment layer may also release liquid to the absorbent layer 106. The liquid management layer has an upper surface 114 
in contact with the lower surface 1 12 of the top layer 102. The liquid management layer 104 also has a lower surface 
116 superposed on the upper surface 1 18 of the optional absorbent layer 106. The liquid management layer 104 may 
have a different size or shape from the optional absorbent layer 106. The absorbent layer 106 may be layer of pulp fluff, 
superabsorbent material, or mixtures of the same, tf present, the absorbent layer 106 is superposed over a fluid-imper- 
vious bottom layer 108. The absorbent layer 1 06 would have a lower surface 1 20 which is in contact with an upper sur- 
face 122 of the fluid impervious layer 108. The bottom surface 1 24 of the fluid-impervious layer 108 provides the outer 
surface for the absorbent structure 100. In more conventional terms, the liner layer 102 is a topsheet. the fluid-impervi- 
ous bottom layer 108 is a backsheet, the liquid management layer 104 is a liquid distribution and retention layer, and 
the optional absorbent layer 1 06 is an absorbent core. Each layer may be separately formed and joined to the other lay- 
ers in any conventional manner. The layers may be cut or shaped before or after assembly to provide a particular 
absorbent personal care product configuration. 

When the layers are assembled to form a product such as, for example, a disposable diaper, the liquid management 
layer 104 formed from one or more layers of the hydraulically needled superabsorbent composite material of the 
present invention provides the advantages of reducing liquid retention in the top layer, improving liquid transport away 
from the skin, and more efficient use of the optional absorbent layer 1 06 by distributing liquid to a greater portion of the 
absorbent These advantages are provided by improved vertical wicking and liquid absorption properties. 

As noted above, other absorbent structures are contemplated. For example, an absorbent structure may contain a 
liner layer, a liquid surge layer (e.g., a resilient bonded, carded web), one or more layers of the hydraulically needled 
superabsorbent composite material of the present invention, an optional absorbent core or pulp fluff layer and a fluid- 
impervious bottom layer. In some applications, it may be desirable to have a liner layer, a pulp fluff layer, one or more 
layers of the hydraulically needled superabsorbent composite material of the present invention, and a fluid-impervious 
bottom layer. 

One or more layers of the hydraulically needled superabsorbent composite material may be used as a liquid man- 
agement materia] for many products besides disposable personal care products. For example, the absorbent nonwoven 
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composite material maybe used as a liquid management material in food and product packaging, wipers, wound dress- 
ings, industrial sorbents, and kennel and catbox liners. 

EXAMPLES 

5 

Examples 1 -6 illustrate exemplary hydraulicaliy needled superabsorberrt composite materials and various compo- 
nents of the composite materials. 

Example 1 

10 

A mixture of about 30% by weight uncrimped rayon fibers (about 1 .5 denier, length about 19 mm), about 49% by 
weight LL19 Northern softwood unrefined kraft virgin wood fiber pulp (Longlac 19 available from the Kimberly-Clark 
Corporation) and about 21% by weight LL16 Northern hardwood kraft virgin wood fiber pulp (Longlac 16 available from 
the Kimberly-Clark Corporation) was wet-laid utilizing conventional papermaking techniques. Trie wet-laid web was de- 

15 watered to a consistency of approximately 25 percent solids and was hydraulicaliy needled on a semi-twill stainless 
steel wire fabric having a mesh of 55 (number of filaments per inch running in the machine direction) and a count of 38 
(number of filaments per inch running in the cross-machine direction) available from National Wire Fabric of Star City, 
Arkansas. The web was needled with columnar jets of water at about 300 psig from 2 manifolds each equipped with a 
jet strip having 0.007 inch diameter holes (1 row of holes at a density of 30 holes per inch). The discharge of the jet 

20 orifices were between about 2 cm to about 3 cm above the wet-laid web which travelled at a rate of about 80 feet per 
minute, vacuum boxes removed excess water and the treated web was dried unking a rotary through-air dryer manu- 
factured by Honeycomb Systems Incorporated of Biddeford, Maine. 

Portions of the wet-laid fibrous web described above were hydraulicaliy needled at pressures of 500 and 800 psig 
and then through^air dried to prctida examples of greater needling energies on 1he ffcrous web. Other portions of the 

25 wet-laid fibrous web were not hydraulicaliy needled- instead, that material was through-air dried and kept as a control 
material. 

Liquid distribution and retention properties for the hydraulicaliy needled and control materials were measured and 
are reported in Table I. 

30 Example 2 

The procedure of Example 1 was repeated except that the fibrous web was formed so it would have a basis weight 
of about 70 grams per square meter. Superabsorbent particles were added to the fibrous web just after hydraulic nee- 
dling and before the web reached the vacuum boxes. The superabsorbent particles were sodium polyacrylate particles 

35 available from the Hoechst Celanese Corporation under the trade name Sanwet IM-5000 P. The particles were depos- 
ited onto the hydraulicaliy needled web utilizing a gravity-drop type particulate spreader (Scotts PF Spreader) at a rate 
which produced a composite having a basis weight (when substantially dry) of about 100 grams per square meter. 
Thus, the substantially dry composite contained about 34% by weight LL19 wood pulpv 1 5% by weight LL16 wood pulp, 
30% by weight superabsorbent and 21% by weight rayon staple f ibens. 

40 Vacuum boxes removed excess water and the composite material was dried utilizing a rotary through-air dryer. Liq- 
uid distribution and retention properties for the material were measured and are reported in Table I. Hydraulicaliy nee- 
dled superabsorbent composite materials of this example have the same basis weight as the hydraulicaliy needled 
fibrous webs of Example 1. The wicking height appears to be only slightly decreased by the addition of superabsorbent 
and the wicking pickup and saturation capacity are significantly increased. 

46 

Example 3 

A nonwoven ffcrous web of Northern softwood kraft unrefined virgin wood fiber pulp (Longlac 1 9 available from tfie 
Kimberly-Clark Corporation) was wet-laid utilizing conventional papermaking techniques. The wet-laid web was de- 

so watered to a consistency of approximately 25 percent solids and was hydraulicaliy needled on a conventional 1 00 x 92 
mesh stainless steel semi-twill fabric available from National Wire Fabric of Star City, Arkansas. The web was needled 
with columnar jets of water at about 50 psig from 3 manifolds each equipped with a jet strip having 0.007 inch diameter 
holes (1 row of holes at a density of 30 holes per inch). The discharge of the jet orifices were between about 2 cm to 
about 3 cm above the wet-laid web which travelled at a rate of about 21 feet per minute. Vacuum boxes removed excess 

55 water and the treated web was dried utilizing a rotary through-air dryer manufactured by Honeycomb Systems Incorpo- 
rated of Biddeford, Maine. 

Portions of the wet-laid fibrous web described above were hydraulicaliy needled at pressures of 100, 200, 300 and 
400 psig and then through-air dried to provide examples of greater needling energies on the fibrous web. Other portions 
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of the wet-laid fibrous web were not hydraulically needled. Instead, that material was through-air dried and kept as a 
control material 

Liquid distribution and retention properties for the hydraulically needled and control materials were measured and 
are reported in Table I. 

Example 4A 

The procecfare of Example 3 was repeated except that the fibrous web was formed so it would have a basis weight 
of about 105 gams per square meter. Sanwet IM-5000 P superabsorbent material was added to the fibrous web just 
after hydraulic needling and before the web reached the vacuum boxes utilizing a gravity-drop type particulate spreader 
(Scotts PF Spreader). The superabsorbent was deposited at a rate which produced a composite having a basis weight 
(when substantially dry) of about 1 50 grams per square meter. Thus, the substantially dry composite contained about 
70% by weight LL1 9 wood pulp and about 30% by weight superabsorbent 

Vacuum boxes removed excess water and the composite material was dried utilizing a rotary through-air dryer. Liq- 
uid distribution and retention properties for the material were measured and are reported in Table 1. Hydraulically nee- 
dled superabsorbent composite materials of this example contain a fibrous web having about the same basis weight as 
the hydraulically needled fibrous webs of Example 3. The wicking height appears to be only slightly decreased by the 
addition of superabsorbent and the wicking pickup and saturation capacity are significantly increased. 

Example 4B 

The procedure of Example 4A was repeated except that the fibrous web was formed so it would have a basis weight 
of about 75 grams per square meter. Because the basis weight of the web was about 30 grams per square meter less 
than the web of Example 4A, the web passed under the hydraulic needling manifolds at a greater speed (about 28 feet 
per minute) to decrease the amount of energy transferred from the fluid jets to tfi e lower basis weight web. Sanwet IM- 
5000 P superabsorbent material was added to the fibrous web just after hydraulic needling and before the web reached 
the vacuum boxes as described in Example 4A. The superabsorbent was deposited at a rate which produced a com- 
posite having a basis weight (when substantially dry) of about 150 grams per square meter. Thus, the substantially dry 
composite contained about 50% by weight LL19 wood pulp and about 50% by weight superabsorbent. 

Vacuum boxes removed excess water and the composite material wasdried utilizing a rotary through-air dryer. Liq- 
uid distribution and retention properties for the material were measured and are reported in Table I. Hydraulically nee- 
dled superabsorbent composite materials of this example contain a fibrous web having about the same basis weight as 
the hydraulically needled fibrous webs of Example 3. The wicking height appears to be only slightly decreased by the 
addition of superabsorbent and the wicking pickup and saturation capacity is significantly increased. 

Example 4C 

The procedure of Example 4A was repeated except that the fibrous web was formed so it would have a basis weight 
of about 50 grams per square meter. Because the basis weight of the web was about 55 grams per square meter less 
than the web of Example 4 A, the web passed under the hydraulic needling manifolds at a greater speed (about 40 feet 
per minute) to decrease the amount of energy transferred from the fluid jets to the lower basis weight fibrous web. San- 
wet IM-5000 P superabsorbent material was added to the fibrous web just after hydraulic needling and before the web 
reached the vacuum boxes as described in Example 4A. The superabsorbent was deposited at a rate which produced 
a composite having a basis weight (when substantially dry) of about 125 grams per square meter. Thus, the substan- 
tially dry composite contained about 40% by weight LL1 9 wood pulp and about 60% by weight superabsorbent. 

Vacuum boxes removed excess water and the composite material was dried utilizing a rotary through-air dryer. Liq- 
uid distribution and retention properties for the material were measured and are reported in Table I. The hydraulically 
needled superabsorbent composite material of this example contains a relatively large proportion of superabsorbent 
particles, yet it still provides a desirable vertical wicking height and excellent wicking pickup. 

Examples 

The procedure of Example 3 was repeated and the wet-laid web was de-watered to a consistency of approximately 
25 percent solids. The web was hydraulically needled on a conventbnal 1 00 x 92 mesh stainless steel semi-twill form- 
ing fabric available from National Wire Fabric of Star City, Arkansas. The needling was carried out with columnar jets of 
water at about 200 psig from 3 manifolds each equipped with a jet strip having 0.007 inch diameter holes (1 row of holes 
at a density of 3D holes per inch). The discharge of the jet orifices were between about 2 cm to about 3 cm above the 
wet-laid web which travelled at a rate of about 50 feet per minute. Vacuum boxes removed excess water and the treated 
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web was dried utilizing a rotary through-air dryer manufactured by Honeycomb Systems Incorporated of Biddefbrd, 
Maine. 

Portions of the wet-laid fibrous web described above were not h*draulicaily needled, instead, that material was 
through-air dried and kept as a control material. 

Liquid distribution and retention properties for the hydrauiically needled and control materials were measured and 
are reported in Table I. This example shews how hydrauiically needling a pulp fiber web improves its vertical wicking 
height, vertical wicking pickup and saturation capacity, 

Example 6A 

The procedure of Example 5 was repeated except that Sanwet IM-5000 P superabsorbent material was added to 
the fibrous web just after hydraulic needling and before the web readied the vacuum boxes as described in Example 
4A. The superabsorbent was added at a rate which produced a composite having a basis weight (when substantially 
dry) of about 1 50 grams per square meter. Thus, the substantially dry composite contained about 50% by weight LL1 9 
wood puip and about 50% by weight superabsorbent. 

vacuum boxes removed excess water and the composite material was dried utilizing a rotary through-air dryer Liq- 
uid distribution and retention properties for the material were measured and are reported in Table I. The superabsorbent 
composite material of this example contains a hydrauiically needled ffcrous web having about same basis weight as the 
fibrous webs of Example 5. The wicking height appears to be only slightly decreased by the addition of superabsorbent 
and the wicking pickup is increased. 

Example 68 

The procedure of Example 6A was followed except that Sanwet IM-5G0O P superabsorbent material was added to 
an identical wet-laid fibrous web which was not hydrauiically needled, "me superabsorbent was added at a rate which 
produced a composite having a basis weight (when substantially dry) of about 185 grams per square meier. Thus, tie 
substantially dry composite contained about 40% by weight LL19 wood pulp and about 60% by weight superabsorbent. 

Vacuum boxes removed excess water and the composite material was dried utilizing a rotary through-air dryer. Liq- 
uid distribution and retention properties for the material were measured and are reported in Table I. The superabsorbent 
composite material of this example contains an un-needled fibrous web having about same basis weight as the fibrous 
webs of Example 5. TTie result of the vertical wicking height test is reduced by the addition of superabsorbent and is 
less than the value measured for the hydrauiically needled composite of Example 6A. The saturation capacity meas- 
ured for the material of the present example is greater than that for its hydrauiically needled counterpart. This is 
believed to be due to the greater loading of superabsorbent particles in the present example. 

Example 7 

This example provides a comparison of a hydrauiically needled superabsorbent composite material according to 
Example 4B and a commercial superabsorbent/tissue composite available under the trade designation Gelok from the 
Gelok international Corporation of Dunbridge, Ohio. Gelok is a laminate which includes 2 layers of tissue (each about 
45 grams per square meter) sandwiching a layer of superabsorbent particles (about 75 grams per square meter) lightly 
bonded to the tissue for a total basis weight of about 1 65 grams per square meter. About 45% by weight of this material 
is superabsorbent. 

Liquid distribution and retention properties for the Gelok tissue l^er, and the Gelok laminate were measured. A 
comparison of these materials with the hydrauiically needled superabsorbent composite material of Example 4B is 
given in Table II. As can been seen from Table II, the hydrauiically needed superabsorbent composite material has bet- 
ter liquid distribution and retention properties as seen from its performance in the vertical wicking height and pickup test 
results. 

Example 8 

This example provides a comparison of a high basis weight laminate of hydrauiically needled superabsorbent com- 
posite materials with conventional pulp f luff/superabsorbent composites commonly used in disposable personal care 
products such as, for example, diapers- 

Four layers of the hydrauiically needled superabsorbent composite material of Example 4C were superposed into 
a multi-layer structure. The basis weight of the multi-layer structure was about 540 grams per square meter, slightly 
higher than expected but attributable to variability in basis weight of the individual layers. 

The fluff/superabsorbent composites were formed utilizing conventional air-laying equipment and techniques to 
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deposit a mixture of Southern softwood wood pulp fluff (Coosa River pulp fluff #54) available from the Kimberly-Clark 
Corporation and IM-SOOO P superabsorbent One air-formed composite had a basis weight of about 654 grams per 
square meter and contained about 50% by weight superabsorbent A second air-formed composite had a basis weight 
of about 830 grams per square meter and contained about 12% by weight superabsorbent 

5 Liquid distribution and retention properties for the materials were measured and are reported in Table ill. As can 
been seen from Table ill, the hydraulically needled superabsorbent composite material has better liquid distribution 
properties as measured by the vertical wicking height test. Despite the differences in basis weight, the wicMng pickup 
values: for each material were about the same. When the wicking pickup values were normalized (assuming a linear 
relationship between pickup and basis weight) to a basis weight of 600 grams per square meter, it can be seen that the 

io hydraulically needled superabsorbent composite material provided superior wicking pickup values. 


TABLE I 


IS 

Example 

Furnish 

Line Speed 

Basis Weight 

Needling 
Pressure 

Vertical 
Height 

Wicking 
Pickup 

Saturation 
Capacity 




(ft/min) 

(gsm) 

(psig) 

(cm) 

(g) 

(%) 

20 

1A 

30% Rayon 
/u% ruip 

80 

100 

0 

17.5 

5.9 

555 

Id 

30% Hayon 
70%Puip 

oO 

lUU 

300 

27-5 

11.1 

Got 


1C 

30% Rayon 
70% Pulp 

80 

100 

500 

26.5 

10.3 

745 

25 

1D 

30% Rayon 
70% Pulp 

80 

100 

800 

26.2 

10.0 

795 

30 

2 

30% SAW 
21% Rayon 
49% Pulp 

80 

100 

550 

17.0 

19.0 

1162 


SA 

100%LL19 

21 

100 

0 

20.0 

5.7 

486 


3B 

100%LL19 

21 

100 

50 

21.5 

6.0 


SS 

SC 

100%LL19 

21 

100 

100 

23.5 

7.9 


3D 

100%LL19 

21 

100 

200 

23.5 

8.0 

656 


3E 

100%LL19 

21 

100 

300 

23.0 

7.3 



3F 

100%LL19 

21 

100 

400 

21.0 

6.3 

668 

40 

4A 

30% SAM 

21 

150 

200 

17.0 

21.7 

1350 


4B 

50% SAM 

28 

150 

200 

18.5 

22.5 

1680 


4C 

60% SAM 

40 

125 

200 

16.3 

23.5 



SA 

100%LL19 

25 

78 

0 

21.0 

4.7 

590 

45 

SB 

100%LL19 

25 

78 

200 

24.0 

8.7 

813 


6A 

60% SAM 

25 

185 

0 

15.0 

23.5 

1650 


6B 

50% SAM 

25 

150 

200 

17.0 

26.7 

1580 


so 
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TABLE ll 


Example 

Furnish 

Basis Weight 

Vertical Wicking 




. Height 

Pickup 



(gsm) 

(cm) 

(g) 

7 

Geick Tissue 

45 

6.3 

2.2 

7 

Geiok45%SAM 

165 

8.3 

14.7 

7 

mat'! from Example 4B 

150 

15.3 

23.5 


TABLE ill 


Example 

Furnish 

Baas Weight 

Vertical Wicking 

Pickup® 600 gsm 




Height 

Pickup 




(gsm) 

(cm) 

(g) 


8 

Fluff/SAM (50%) 

654 

6 

105 

96 

a 

FluftfSam (12%) 

830 

14 

109 

80 

3 

4 layers mat'! from Example 4C 

540 

15.5 

111 

123 


While the present mention has been described in connection with certain preferred embodiments, it is to be under- 
stood that the subject matter encompassed by way of the present invention is not to be limited to those specific embod- 
iments, but should include all alternatives, modifications and equiv^Bnts as can be included within the scope of the 
following claims. 

Claims 

1 . A process of making a hydraulically needled superabsorbent composite material (36), said process comprising the 
steps of providing a nortwoven ffcrous web (28), and hydraulically needling the nonwwen web (28), 
characterized by 

hydraulically needling the nonwoven web (28) at an energy level sufficient io enhance the liquid distribution 
properties of the nonwoven web (28) for improving the vertical wicking properties of the nonwoven web (28) by 
at (east about 10 percent compared to an identical nonwoven web without hydraulic needling, and 

introducing the dry superabsorbent materials into intimate bonding contact with at least one surface of said 
hydraulically needled nonwoven fibrous web (28) to form the hydraulically needled superabsorbent composite 
material (36). 

2. The process of claim 1, wherein dry superabsorbent materials are introduced onto at least one surface of the 
hydraulically needled nonwoven ffcrous web (28) while said web is wet and then the hydraulically needled nonwo- 
ven fibrous web and superabsorbent materials are (fried to produce the superabsorbent composite material (36). 

3. The process of claim 1 , wherein dry superabsorbent materials are deposited onto at least one surface of a substan- 
tially dry hydraulically needled nonwoven fibrous web (28) and then introduced into intimate bonding contact with 
said web (28) by applying pressure to drive the superabsorbent materials into the hydraulically needled nonwoven 
fibrous web to produce the superabsorbent composite material (36). 

4. The process of claim 1 , wherein the nonwoven fibrous web (28) is provided by depositing an aqueous suspension 
comprising fibers onto a foraminous surface. 
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5. The process of claim 1 , wherein the nonwoven fibrous web (28) is provided by rehydrating a sheet comprising pulp 
fibers. 

6. The process of claim 1 , wherein the nonwoven fibrous web (28) is hydraulically needled at a consistency ranging 
from about 15 to about 35 percent, by weight, solids. 

7. The process of claim 1 , wherein the hydraulic needling is at an energy level of about 0.03 to about 0,001 horse- 
pcwer-hoursfcound of dry f ibers. 

8. The process of claim 4, wherein the foraminous surface is selected from the group consisting of singls plane mesh 
having a mesh size of from about 20 X 20 to about 200 X 200, mufti-ply meshes having an effective mesh size of 
from about 20 X 20 to about 200 X 200, and perforated plates. 

9. The process of claim 4, wherein the said fibers are selected from the group consisting of pulp fibers, synthetic fib- 
ers, natural fibers, bicomponerrt fibers, continuous filaments and mixtures thereof. 

10. The process of claim 6, wherein the nonwoven f ibrous web is hydraulically needled while at a consistency ranging 
from about 20 to about 30 percent, by weight, solids. 

11. The process of claim 1, wherein superabsorbent materials are deposited on the hydraulically needled nonwoven 
fibrous web in an amount which provides an absorbent nonwoven composite materia! containing at least about 5 
percent, by weight, superabsorbent materials. 

12. The process of ciaim 1 1 , wherein superabsorbent materials are deposited on the hydraulically needled nonwoven 
fibrous web in an amount which provides an absorbent nonwoven composite material containing from about 1 0 to 
about 80 percent, by weight, superabsorbent material. 

13. The process of claim 1 1 , wherein superabsorbent particles are deposited on the hydraulically needled nonwoven 
fibrous web in an amount which provides an absorbent nonwoven composite material containing from about 30 to 
about 60 percent, by weight, superabsorbent material. 

14. The process of claim 1, wherein the drying step utilizes a process selected from the group consisting of through- 
air-drying, infra-red radiation, yankee dryers, drying cans, microwaves, and ultrasonic energy. 

15. The process of daim 1 , further comprising a mechanical softening step after the drying step. 

16. A hydraulically needled superabsorbent nonwoven composite material produced by the process of any one of 
claims 1 to 1 5 and including the superabsorbent material contained in pores and/or apertures of at least one sur- 
face of the hydraulically needled nonwoven fibrous web (28) in an intimate area bonding contact with the surface 
of the hydraulically needled nonwoven fibrous web. 

17. The superabsorbent nonwoven composite material of claim 16 having a basis weight greater than about 10 grams 
per square meter. 

18. The superabsorbent nonwoven composite material of claim 16 having a basis weight from about 25 to about 400 
grams per square meter. 

19. The superabsorbent nonwoven composite material of claim 16 wherein the nonwoven fibrous web (28) comprises 
from about 5 to about 50 percent, by weight, staple length fibers selected from the group consisting of polyester 
fibers, rayon fibers, cotton fibers, poiyamide fibers, acrylic fibers, and polyolef in fibers. 

20. The superabsorbent nonwoven composite material of claim 18 having a basis weight from about 75 to about 150 
grams per square meter. 

21 . The superabsorbent nonwoven composite material of ciaim 1 6 having a saturation capacity greater than about 500 
percent and a vertical wicking rate greater than about 12 cm per 15 minutes. 

22. The superabsorbent nonwoven composite material of ciaim 21 having a saturation capacity from about 600 to 
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about 2500 percent. 

23. The superabsorbent nonwoven composite material of claim 21 having a wicking rate from about 1 2 to about 1 5 cm 
per 15 minutes. 

s 

24. The superabsorbent nonwoven composite material of claim 1 6, wherein the material contains from about 5 to about 
80 percent, by weight ol superabsorbent materials. 

25. The superabsorbent nonwoven composite mat arial of claim 24 wherein the material contains from about 1 0 percent 
io to about 65 percent, by weight, of superabsorbent materials. 

26. A liquid management component of an absorbent product, said component comprising at least one layer of the 
superabsorbent nonwoven composite material of any one of claims 1 6 to 25. 

16 27. An absorbent structure including a liquid management component comprising at least one layer of the superab- 
sorbent nonwoven composite material of any one of claims 16 to 25. 

PatantansprGche 

20 1- Verfahren zum Herstellen eines hydraulisch genadelten, suberabsorbierenden Verbundmaterials (36), wobei das 
Verfahren die Verfahrensschritte das Schaffens einer nichf gewebten Faserbahn (28) und des hydraulischen 
Nadelns der nicht gewebten Bahn (28) umfafit, gekennzeichnet dutch 

ein hydraulisches Nadein der nicht gewebten Bahn (28) bei einer Energiemenge, die ausreicht, die FlQssig- 
25 keitsverteileigenschaften der nicht gewebten Bahn (28) zu emohen, urn die vertikalen Saugeigenschaften der 

nicht gewebten Bahn (28) urn mindestens 1 0% zu verbessern, verglichen m'rt einer identischen nicht gewebten 
Bahn ohne das hydraulische Nadein, und 

Einbringen der trockenen, suberabsorbierenden Mater ialien in ein en engen Bindungskcrrtakt mit mindestens 
so einer Oberfiache der hydraulisch genadelten, nicht gewebten Faserbahn (28), urn das hydraulisch genadeite, 

superabsorbierende Verbtindmatehai (36) zu bilden. 

2. Verfahren nach Anspruch 1, wobei trockBne, superabsorbierende Material ian auf mindestens eine Oberfiache der 
hydraulisch genadelten, nicht gewebten Faserbahn (23) eingebracht werden, wAhrend die Bahn na(3 ist, und dann 

35 clie hydraulisch genadeite, nicht gewebte Faserbahn und die superabsorbierenden Materialmen getrocknet werden, 
urn dassuperabsonbierndeVerbundmaierial (36) herzustellen. 

3. verfahren nach Anspruch 1 , wobei die irockenen, superabsorbierenden Materialien auf mindestens einer Oberfia- 
che einer im wesentfichen trockenen, hydraulisch genadelten, nicht gewebten Faserbahn abgeiegt und dann in 

40 einen engen Bindungskontakt mit der Bahn (28) eingebracht werden, indem Druckaufgebracht wird, urn die super- 
absorbierenden Materialien in die hydraulisch genadeite, nicht gewebte Faserbahn hineinzutreiben, urn das super- 
absorbierende Verbundmatehal (36) herzustellen. 

4. Verfahren nach Anspruch 1 , wobei die nicht gewebte Faserbahn (28) durch Ablegen einer wassrigen, Fasern ent- 
46 haftenden Suspension auf eine durchbrochene Oberfiache geschaffen wird. 

5. Verfahren nach Anspruch 1 , wobei die nicht gewebte Faseibahn (28) durch erneutes Hydratisieren eines Pulpefa- 
sern enthaltenden Hfichenmaieriais geschaffen wind. 

so 6. Verfahren nach Anspruch 1, wobei die nicht gewebte Faserbahn (28) bei einer Konsistenz hydraulisch genadeit 
wird, die im Bereich zwischen etwa 15 bis etwa 35 Gew.-% Feststoffe iiegt 

7. Verfahren nach Anspruch 1 , wobei das hydraulische Nadein bei einer Energiehotie von etwa 0,03 bis etwa 0,001 
Pferdestarkenstunden pro Pfund trockener Fasern Iiegt. 

55 

8. Verfahren nach Anspruch 4, wobei cfie durchbrochene Oberfiache ausgewahit wurde aus der Gruppe bestehend 
aus einem einfachen, f lachen Sieb mit einer SiebgrOBe von etwa 20 x 20 bis etwa 200 x 200 mesh, mehrlagigen 
Sieben mit einer sffektiven Siebgrflfle von etwa 20 x 20 bis etwa 200 x 200 mesh und perforierten Plaften. 
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9. Verfahren nach Anspruch 4, wcbei die Fasern ausgewahlt wurden aus der Gruppe bestehend aus Pulpefasern, 
synthetischen Fasern, natcriichen Fasern, Bitomponentfasern, kontinuieriichen Fiiamenten und Mischungen dar- 
aus. 

10. Verfahren nach Anspruch 6, wobei die nicht gewebte Faserbahn bei einer Konsistm2 hvdrauiisch genadelt wird. 
die im Bereich zwischen etwa 20 bis etwa 30 Gew.-% Feststoffe liegt. 

11. Verfahren nach Anspruch 1, wobei die superabsorbierenden Materialmen auf der hydrauiisch genadeiten, nicht 
gewebten Faserbahn in einer Mange abgelegt werden, die zu einem absorbierenden, nicht gewebten Verbundma- 
teriat f Qhrt, das mindestens etwa 50 Gew.-% siperabsorbierende Materialmen errthalt 

12. Verfahren nach Anspruch 1 1 , wobei superabsorbierende Materialien auf der hydrauiisch genadeiten, nicht geweb- 
ten Faserbahn in einer Menge abgeiegt werden, die zu einem absorbierenden, nicht gewebten Verbundmateria! 
fflhrt, das von etwa 10 bis etwa 80 Gew.-% superabsorbierendes Material enthait 

13. Verfahren nach Anspruch 11, wobei die superabsorbierenden Partikei auf der hydrauiisch genadeiten, nicht 
gewebten Faserbahn in einer Menge abgelegt werden, die zu einem absorbierenden, nicht gewebten Verbundma- 
terial fuhren, das zwischen etwa 30 bis etwa 60 Gew.-% superabsorbierendes Material enthaft. 

14. Verfahren nach Anspruch 1 , wobei der Trocknungsschritt ein Verfahren verwendet, das ausgewShit wurde aus der 
Gruppe bestehend aus einem Trocknen mit durchgelerteter Luft, einer {rrfrarotbestrahhing, Zyiindertrocknern, 
Trocknungskannen, Mikroweflen und Ultraschaiienergie. 

15. Verfahren nach Anspruch 1, ferner enthaltend einen mechanischen WefchmacherschrM nach dem Trocknungs- 
schritt. 

16. Hydrauiisch genadeites, superabsorbierendes Verbundmaterial, hergestellt durch das verfahren nach einem der 
Anspriiche 1 bis 15, und umfassend das superabsorbierende Material, das in Poren und/oder Offnungen minde- 
stens einer Qberfiache der hydrauiisch genadeiten, nicht gewebten Faserbahn (28) in einem engen Flachenbin- 
dungstontakt mit der Oberfiache der hydrauiisch genadeiten, nicht gewebten Faserbahn enthalten ist. 

17. Superabsorbierendes, nicht gewebtes Verbundmateriai nach Anspruch 16 mit einem Fiachengewicht, das gr&Ger 
ist ais etwa 10g pro Quadratmeter. 

18. Superabsorbierendes, nicht gewebtes Verbundmateria! nach Anspruch 1 6 mit einem Fiachengewicht von etwa 25 
bis etwa 400 g pro Quadratmeter. 

19. Superabsorbierendes, nicht gewebtes Verbundmateria! nach Anspruch 16, wobei die nicht gewebte Faserbahn 
(28) von etwa 5 bis etwa 50 Gew.-% Stapelfasern umfeBt, ausgewahrt aus der Gruppe bestehend aus Polyesterfa- 
sern, Reyonfasern, BaumwolHasern, Polyamidfasern, Acrylfasern und Polyoiefinfasern. 

20. Superabsorbierendes, nicht gewebtes Verbundmaterial nach Anspruch 18 mit einem Fiachengewicht von etwa 75 
bis etwa 150 g pro Quadratmeter. 

21. Superabsorbierendes, nicht gewebtes Verbundmaterial nach Anspruch 16 mit einer Stfittigungskapazitat grafter 
als etwa 500 % und einer verHkaien Saugrate grOBer als etwa 1 2 cm pro 15 Mlnuten. 

22. Superabsorbierendes. nicht gewebtes Verbundmaterial nach Anspruch 21 mit einer Sflttgungskapazitat von etwa 
600 bis etwa 2500 %- 

23. Superabsorbierendes, nicht gewebtes Verbundmaterial nach Anspruch 21 mit einer Saugrate von etwa 1 2 bis etwa 
15 cm pro 15 Minutert 

24. Superabsorbierendes, nicht gewebtes Verbundmarterial nach Anspruch 16, wobei das Material von etwa 5 bis 
etwa 80 Gew.-% superabsorbierende Materialien enthait. 

25. Superabsorbierendes, nicht gewebtes Verbundmaterial nach Anspruch 24, wobei das Material von etwa 10 bis 
etwa 65 Gew.-%stperabscrbierende Materialien enthait. 


17 


EP 0540 041 B1 


26. Eine Flussigkete-Managemerrt-Kbmponente eines absorbierenden Artikels, wobei cfie Kbmponente mindestens 
eine Schichf des superabsorbierenden, nicht gewebten Verbundmaterials nach einem der Anspruche 16 bis 25 
enthfitt. 

5 27. Absorbierende Struklur mfr einer Flussigkeits-Managemem-Komponente, die mindestens eine Schicht des super- 
absorbierenden, nicht gewebten Verbundmaterials nach einem der Anspruche 16 bis 25 enthait. 

Revindications 

10 1. Procede de production d'un materiau composite super-absorbarrt aiguiliete hydrauiiquemerTt (36), ledit precede 
comprenant lea &apes de fourniture d'un card6 en fibres non-tissees (28), et d'aiguiiletage hydraulique du carde 
non-lisse, 
caracl$ris6 par 

is un aiguiiletage hydraulique du carde non-tis$6 (28) k un niveau energetique suffisant pour augmerrter les pro- 

prices de repartition de liquide du carde non-tiss£ (28) afin d'am^liorer les proprietes d'eff et de meche verti- 
cales du card6 non-tiss6 (28) au moins d'environ 1 0 pour cent par rapport a un carde identique non-tisse sans 
aiguiiletage hydraulique, et 

una introduction des materiaux super-absorbants sees en contact de liaison 6troite avec au moins une surface 
20 du carde en fibres non-tissues aiguiliete hydrauiiquemerrt (28) afin de former ie materiau composite super- 

absorbanf aiguiilete hydrauiiquemerrt (36). 

2. Proc6de selon la revendication 1, dans iequei des materiaux super-absorbants sees sent trttrodurts sur au moins 
une surface du card£ en fibres non-tissees aiguiilete hydrauiiquemerrt (28) alors que ledit carde est humide et 

25 ensuite le cards en flares non-tissees aiguiliete hydrauiiquemerrt et les materiaux super-absorbants sont seches 
afin de produire le materiau composite super-absorbarrt (36). 

3. Procede selon la revendication 1 , dans lequel des materiaux super-absorbants sees sont deposes sur au moins 
une surface d'un carcte en fibres non-tissees aiguiliete hydrauiiquemerrt (28) esserrtieilement sec ensuite introduit 

so en contact de liaison etroiie avec ledit carde (28) par application d'une pression afin d'amener ies materiaux super- 
absorbants k i'int6rieur du carde en fibres non-1iss6es aiguiliete hydrauiiquemerrt afin de produire ie materiau com- 
posite super-absorbant (36). 

4. Procede selon la revendication 1, dans iequei ie card6 en fibres non-fiss6es (28) est faurni par depflt d'une sus- 
35 pension aqueuse comprenant des fibres sur une surface foramin ee. 

5- Procede selon la revendication 1 , dans lequel le cards en fibres non-tissees (28) est four ni par rehydratation d'une 
feuille comprenant des fbres de pulpe. 

40 6. Procede selon la revendication 1 , 6ans lequel le carde en fibres non-tiss6es (28) est aiguiliete hydrauiiquemerrt sur 
une plage de densite d'environ 1 5 a environ 35 pour cent en pcids de matiere solids. 

7. Procede seion la revendicaiion 1, dans lequel i'aiguilletage hydraulique est k un niveau d'energie d'environ 48,64 
k environ 1,62 kWh/kg (environ 0,03 k environ 0,001 cheval vapeur heure par livre) de fibres sechea 

45 

8. Procede selon la revendication 4, dans lequel la surface foraminee est selectionnee k parUY du groupe comprenant 
des mailies en plan unique comportant une ouverture de maiile d'environ 20 x 20 k environ 200 x 200, des maiiies 
k plusieurs epaisseurs ayant une ouverture de maiile effective d'environ 20 x 20 a environ 200 x 2Q0, et des pla- 
ques perfbrees. 

50 

9. Procede selon la revendication 4, dans lequel lesdites fbres sont s€lectionnees k partir du groupe comprenant des 
fibres de pulpe, des fibres syntheTtques, des fibres natureiles, des fibres k deux corposants, des filaments en con- 
tinu et des melanges de ceux-ci. 

55 1 0. Procede selon la revendication 6, dans iequei ie carde en fibres non-tissues est aiguilieta hydrauiiquemerrt sur une 
plage de densrte d'environ 20 k environ 30 pour cent en poids de matiere solide. 

1 1 . Proceed selon la revendicaiion 1 , dans iequei des matenaux super-absorbants sont deposes sur le cardd en fibres 
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non-tissees aiguiilete hydrauiiquement en une quantity qui fournit un materiau absorbant composite non tiss6 com- 
prenant au moins environ 5 pour cent en poids de materiaux super-absorbants. 

12. Proc&te selon la revendication 11, dans leque! des matenaux super-absorbants sont deposes sur !e card§ en 
s fibres non-tiss6es aiguiilete* hydrauliquement en une quantit6 qui fournit un matenau composite absorbant non- 

ti$s6 comprenant d'environ 10 k environ 80 pour cent en poids de material* super-absorbant. 

13. Prbc&te selon ia revendication 11, dans lequei des particuies super-absorbantes sont deposes sur le cards en 
fibres non-tissues aiguiifeie" hydrauiiquement en une quantity qui foumlt un materiau composite absorbarrt non- 
70 tiss6 comprenant d'environ 30 k environ 60 pour cent en poids de materiau siper-absorbarrt. 

14. Proc6d6 seion ia revendication 1, dans lequei I'etape de sechage utilise un processus selectionne" k partir d'un 
groupe comprenant un sSchage par air pulse\ par radiations infrarouge, par secheur frictionneur, par caissons de 
sechage, par micro-ondes, ef par anergic k uJirasons. 

15 

1 5. Proc6d6 seion la revendication 1 , comprenant en outre une etape d'adoucissemerrt mecanique k la suite de I'&ape 
de sechage. 

16. Materiau composite non-tisse" super-absorbant aiguiilete hydrauiiquement prodult gr&ce au prockte de Tune quei- 
20 conquedes revendications 1 k 15 et comprenant le materiau super-absorbant contenu dans des pores et/ou des 

ouvertures d'au moins une surface du card6 en fibres non-tissees aiguiilete* riydraufiquemerrt (28) dans une zone 
en liaison en contact etrort avec ia surface du carde" en fibres non-tissees aiguiilete hydrauiiquement. 

17. Materiau composite non-tissd super-absorbant seion ia revendication 16 ayant un poids de base superieur k envi- 
25 ron 10 grammes par metre carre. 

18. Materiau composite non-tiss6 super-absorbant seion la revendication 16 ayant un poids de base siiu6 entre envi- 
ron 25 grammes et environ 400 grammes par metre carre. 

30 19. Matenau composite ncn-tiss6 super-absorbant selon la revendication 16, dans ieque! ie card6 en fibres non-tis- 
sees (28) comprend entre environ 5 k environ 50 pour cent en poids, de fibres d f une certaine longueur de brin 
selectionn^es k partir d'un groupe comprenant des fibres polyester, des fibres de rayonne, des fibres de colon, des 
fibres de po'yamide, des f bres d'acryiique, et des fibres de polyolefine. 

ss 20. Materiau composite non-tiss6 super-absorbant selon la revendication 18 ayant un poids debase situe~ de environ 
75 grammes k environ 1 50 grammes par metre carre" . 

21. Matenau composite non-tisse super-absorbant selon ia revendication 16 ayant une capacity de saturation supe- 
rieure k environ 500 pour cent et un taux d'effet de meche superieur k environ 1 2 cm pour 1 5 minutes. 

40 

22. Matenau composite non-f isse" super-absorbant selon la revendication 21 ayant une capacity de saturation de envi- 
ron 600 k environ 2500 pour cent 

23. Matenau composite non-tisse super-absorbant selon ia revendication 21 ayant un taux d'effet de meche d'environ 
45 12 6 environ 1 5 cm pour 1 5 minutes. 

24. Matenau composite non-tisse super-absort>ant selon la revendication 1 6, dans iequel le materiau comprend d'envi- 
ron 5 k environ 80 pour cent en poids de materiaux super-absorbants. 

so 25. Materiau composite non-tiss6 super-absorbant selon la revendication 24, dans iequel le matenau comprend d'envi- 
ron 10 k environ 65 pour cent en poids de matenaux super-absorbants. 

26, Composant liquids de gestion d'un produit absorbant, ledil composant comprenant au moins une couche du mate- 
riau composite non-tisse super-absorbant selon I'une quelconque des revendications 16 k 25. 

55 

27. Structure de matenau absorbarrt comprenant un composant iiquide de gestion incluant au moins une couche du 
matenau composite non-tisse super-absorbant selon I'une quelconque des revendications 16 k 25. 
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